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The Role of  Transocular Ultrasound in 
the Assessment of  Neurotoxicity-Related 
Encephalopathy in Mushroom Poisoning

Abstract

Objective: Mushroom poisonings can lead to life-threatening organ dysfunctions and neurotoxicity-related encephalopathy. This study aimed 
to detect increased intracranial pressure by measuring optic nerve sheath diameter (ONSD) ultrasonographically and to determine its association 
with clinical and laboratory parameters.

Methods: In this prospective case-control study, we evaluated the patients aged above 18 years who presented to the emergency department 
with mushroom poisoning. Vital signs, clinical and laboratory parameters and ONSD of  both eyes measured with transocular ultrasound were 
noted at initial admission and the 24th hour.

Results: We measured ONSD in 26 cases with mushroom poisoning and 26 healthy volunteers. Baseline ONSD measurements of  the poison-
ing group were significantly higher than those of  the control group (5.94±0.73 vs. 4.11±0.64, p<0.0001). ONSD values significantly regressed 
at 24th hour compared with the baseline measurements in the poisoning group (5.94±0.73 vs. 5.06±0.56, p<0.001).The ONSD values were 
significantly higher in patients who had a clinical picture of  encephalopathy compared with patients who didn’t have (6.05±0.72 vs. 4.36±1.03, 
p<0.001). No significant deterioration was observed in ammonium levels, hepatic and renal functions of  the patients. 

Conclusion: We detected increased ONSDs in patients with mushroom poisoning compared with those in the control healthy volunteers. Our 
findings suggest that ONSD, measured by ultrasonography, may be safely and effectively used to diagnose transient encephalopathy associated 
with neurotoxicity.
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Introduction

Mushroom poisonings mostly appear in the autumn. Most of  the poisonings lead to minor gastrointestinal findings, 
but life-threatening complications are seen in patients with a serious course (1). Detecting the true incidence of  
mushroom poisonings is difficult because the cases are frequently not reported. Nevertheless, 83,140 cases of  mush-
room poisoning have been detected in the US between 2001 and 2011; and 64,534 (77.6%) of  them were seen in 
children (2).

Depending on the type of  the mushroom consumed, symptoms begin within 6 h, but symptoms may also be seen 
later on (3, 4). Acute symptoms are predominantly related to gastrointestinal and central nervous system such as 
vomiting, abdominal pain, diarrhea, hallucinations, lightheadedness, drowsiness and headache. Later symptoms 
may include severe diarrhea, acute renal failure, a severe hepatic failure that may even lead to transplantation, and 
central nervous system manifestations such as stupor and coma (5).
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Treatment of  patients presenting with mushroom poisoning 
is symptomatic, and these patients must be followed-up for 
pathologies that may develop (6). Blood workup yields easy, 
fast and objective data for risk of  developing hepatic and re-
nal failures. Neurological examination is used to diagnose en-
cephalopathy, and high-cost invasive methods are used to di-
agnose and follow increased intracranial pressure (ICP) (7, 8).

The optic nerve is a part of  the central nervous system and is 
surrounded by the dural sheath. This sheath also enlarges as a 
reflection of  ICP. It is possible to demonstrate the changes in 
the diameter of  the nerve sheath using transocular ultrasound. 
Previously, many studies have addressed the correlation be-
tween the nerve sheath diameter and invasively measured ICP 
increase (9-11). Measurement of  the optic nerve sheath diam-
eter (ONSD) with ultrasound has been detected to have high 
sensitivity and specificity to demonstrate ICP; these measure-
ments have been established to be safe when compared with 
images obtained with magnetic resonance imaging (12, 13).

This study aimed to evaluate the association of  ONSD 
measured with transocular ultrasonography in patients with 
mushroom poisoning with clinical and laboratory parameters 
and its change by time.

Methods

Study population
We performed prospective case-control study for mushroom 
poisoning cases in patients aged above 18 years who presented 
to Pendik Research and Training Hospital between Septem-
ber and December 2017 after approval from Marmara Uni-
versity, Clinical Research Ethics Committee (09.2018.104). 
Written informed consent was obtained from all patients. We 
excluded individuals who were younger than 18 years, had an 
intracerebral space-occupying lesion, encephalitis, meningi-
tis, diseases of  the optic nerve, Graves’ disease and previous 
cerebrovascular disease and who were pregnant. The en-
cephalopathy was manifested by an altered mental state with 
a depressed level of  consciousness ranging from confusion to 
coma. We recorded vital signs, clinical and laboratory param-
eters [prothrombin international normalised ratio (INR), ala-
nine aminotransferase (ALT), aspartate transaminase (AST), 
alkaline phosphatase (ALP), gamma-glutamyl transferase 
(GGT), lactate dehydrogenase (LDH)] and ONSD of  both 
eyes measured with transocular ultrasound at initial admis-
sion and the 24th hour.

Transocular ultrasonography
All ultrasonographic measurements were performed using 
Philips EPIQ 7 Ultrasound system (Philips Healthcare, Inc., 
Andover, MA, USA). An intensive care specialist experienced 
in ultrasonography performed the measurements. Vertical 

and horizontal diameters of  both optic nerves were measured 
at the supine position while eyelids were closed. Optic nerve 
could be visualised by locating the probe at the upper and 
lateral side of  the upper eyelid (12, 13). ONSD was measured 
3 mm behind retina by using B-mode 7.5 MHz linear probe 
(Figure 1). Measurements were performed for both eyes, and 
the mean values were recorded.

Statistical analysis
A post-hoc power analysis revealed that on the basis of  the 
mean, between-groups comparison effect size (GPower 3.1 
software) observed in this study (d=2.66), a number of  approx-
imately 10 would be needed to obtain statistical power at the 
recommended 0,95 level using Cohen’s (1988) criteria. The 
Shapiro-Wilk test was performed for normality distribution 
of  numerical variables. Continuous parametric variables were 
presented as the mean and standard deviation and compared 
using the Student t-test, whereas continuous nonparametric 
variables were presented as the median and percentiles [25th–
75th] and compared with the Mann-Whitney U test. Categori-
cal variables between the groups were measured by 2×2 tables 
using Pearson’s chi-square test and Fisher’s exact test. Paired 
samples t-test and independent samples t-test were used to 
compare continuous variables independent groups and con-
tinuous variables between two independent groups, respective-
ly. Results were considered statistically significant when the p 
value was below 0.05. Statistical analyses were performed us-
ing the IBM Statistical Package for the Social Sciences version 
23.0 software (IBM SPSS Corp.; Armonk, NY, USA).

Figure 1. Two-dimensional ocular ultrasonography for 
measurement of  optic nerve sheath diameter. ONSD 
was measured 3 mm behind the retina, along with the 
axis of  the optic nerve that corresponds to the distance 
between the two external parts
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Results

ONSDs were measured in 26 patients whose poisoning 
symptoms started >6 h from the consumption of  mush-
room. Also, 26 healthy volunteers were included as the 
control group. Demographic characteristics of  the patients 
are shown in Table 1. The mean age of  the patients pre-
sented with mushroom poisoning was 44.27±0.73 years, 
and of  the control group was 42.65±5.29 years.

In the poisoning group, encephalopathy was present in 17 
patients (68%) at the time of  presentation. After the rec-
ommendation of  nephrology department, prophylactic 
haemodialysis was performed to 14 patients (53.5%) irre-
spective of  encephalopathy (Table 2). Clinical findings im-
proved to normal in all patients with encephalopathy at the 
24th hour. Two patients were intubated and admitted to the 
intensive care unit because of  accompanying respiratory 
distress. We measured ammonia levels and liver function 
tests in all patients, and they were within normal limits. 

Distribution of  laboratory parameters used in this study is 
given in Table 3.

Baseline ONSD measurements of  the poisoning group 
were significantly higher than those of  the control group 
(5.94±0.73 vs. 4.11±0.64, p<0.0001) (Figure 2). ONSDs were 
significantly lower than basal values at the 24th-hour mea-
surements in the poisoning group (5.94±0.73 vs. 5.06±0.56, 
p<0.001) (Figure 3).

Comparison of  poisoning patients who had or did not have 
encephalopathy at initial presentation demonstrated that 
ONSDs of  the patients with encephalopathy were higher than 
in the patients who did not have encephalopathy (6.05±0.72 
vs. 4.36±1.03, p<0.001) (Table 4).

Table 1. Patient demographics

	 Group 1 (n=26)	 Group 2 (n=26)	 p
Age (years)	 45 [27–54]	 44 [38–46]	 0.912
Gender (M/F)	 14 / 12	 7 / 19	 0.089
M: male: F: female

Table 2. Clinical features

	 Yes	 No
Encephalopathy	 17	 8
Acute kidney injury	 0	 26
GIS symptoms	 1	 25
Needs for dialysis	 14	 12
GIS: gastrointestinal symptoms

Table 3. Biochemical parameters in Group I

Parameter	 Mean±SD	 Normal values
INR	 1.32±0.32	 0.8–1.2
Ammoniac (mmc)	 28.38±12.84	 11–51
Bilirubin (mg dL-1)	 0.57±0.31	 0–1.3
ALT (U L-1)	 22.73±13.86	 10–40
AST (U L-1)	 25±10.20	 10–37
ALP (U L-1)	 64.81±18.14	 50–142
GGT (U L-1)	 23.77±22.08	 7–49
LDH (U L-1)	 241.19±79.01	 0–248
INR: prothrombin international normalised ratio; ALT: alanine ami-
notransferase; AST: aspartate transaminase; ALP: alkaline phosphatase; 
GGT: gamma-glutamyl transferase; LDH: lactate dehydrogenase

Figure 3. Baseline and 24th-hour optic nerve sheath di-
ameter values in patients with mushroom poisoning
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Figure 2. Baseline distribution of  optic nerve sheath 
diameter in the study and control group
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Discussion

In our study, we detected larger ONSDs in patients who pre-
sented to emergency department with mushroom poisoning 
compared with those in the healthy volunteers of  control 
group. We detected that the ONSD was associated with en-
cephalopathy, and the diameter of  the optic nerve sheath de-
clined at the 24th hour with regression of  the clinical picture 
of  encephalopathy. Our findings suggest a significant associ-
ation between ultrasonographically measured ONSDs and 
clinical findings after other causes of  encephalopathy are ex-
cluded and without any change in laboratory findings of  pa-
tients with mushroom poisoning. Therefore, our study is the 
first study in the literature on this specific issue.

Mushrooms are collected from nature and consumed as 
food. Poisonings are frequent in spring and autumn (14). 
Symptoms appear approximately within 3 h in mushrooms 
with short symptom-onset and within 6–24 h in mushrooms 
with longer symptom-onset. Early symptoms of  mushroom 
poisoning are abdominal pain, nausea, vomiting, diarrhoea, 
hypotension and electrolyte imbalance. Prognosis is gener-
ally good in mushroom poisonings that give symptoms at 
an early period (within the first 6 h). Up to 90%–95% of  
late-onset cases are reported to be fatal (5). In this period, 
direct effects of  fungal toxins, hypovolemia due to fluid loss 
or acute kidney damage due to hepatic failure may occur. 
Encephalopathy, coagulopathy, renal failure and progressive 
hepatic failure with acidosis may occur due to hepatotoxic 
effects (3, 4). Activated charcoal should be given for all cas-
es with mushroom poisoning to prevent absorption of  the 
toxins. Aggressive intravenous fluid treatment should be ap-
plied and, if  present, electrolyte imbalances should be cor-
rected (6). Chang first defined hemoperfusion treatment, and 
mortality is shown to be decreased 50% by hemoperfusion. 
Hemoperfusion also rapidly decreases toxin-related enceph-
alopathy (15). Hepatic transplantation is the most effective 
treatment for patients who develop fulminant hepatic failure. 
As true for other causes of  fulminant hepatic failure, hepat-
ic support systems may be used in mushroom poisonings to 
gain time pending liver transplantation (16). In our study, 
aggressive fluid and electrolyte treatments were started for 
all patients after the diagnosis and gastric lavage, and acti-
vated charcoal was applied to all patients. Fulminant hepatic 

failure didn’t develop in any of  the patients, but the clini-
cal picture of  encephalopathy was present in 17 patients in 
our study. Although no patients develop acute renal damage, 
hemoperfusion with carbon filter was applied to 14 patients 
considering their clinical conditions. Any mushroom that 
causes fulminant hepatic failure or that is epileptogenic may 
be associated with encephalopathy. However, an encephalop-
athic syndrome without an associated hepatic failure may be 
seen as in our patients (17). Before considering toxins as the 
causes of  encephalopathy uraemia, ethylism and poisonings 
other than mushrooms should be considered and excluded.

Intracranial pressure is a sign of  numerous neurological dis-
orders, and delay in diagnosis and treatment can have dev-
astating consequences. Guidelines recommend targeting 
ICP<20–25 mmHg during follow-up for traumatic brain in-
jury and other acute brain injuries (18, 19). Invasive methods 
such as an intraparenchymal probe or intraventricular cath-
eter are standard methods for invasive ICP follow-up. How-
ever, because of  their invasiveness, they carry risks such as 
bleeding and infection (20). The sheath surrounding the optic 
nerve is actually a continuation of  dura, and subarachnoid 
space extends through the optic nerve within subarachnoid 
space. Therefore, an increase in ICP is conducted to optic 
nerve head, and it causes optic disc swelling and papilloede-
ma. Development of  papilloedema may take several hours 
to several days, and human studies have demonstrated that 
increased ICP was due to swelling of  the optic nerve sheath 
within seconds (21). Ultrasonographic measurement of  the 
optic nerve sheath at a certain distance from the retina is a 
noninvasive method to detect increased ICP especially in 
patients with traumatic brain injury or intracranial haemor-
rhage that has been evaluated in many studies (9, 10, 22). In 
one of  the largest studies on this topic, ultrasonographical-
ly measuring ONSD larger than 0.48 cm predicted ICP > 
20 mmHg with a 96% sensitivity and 94% specificity (12). 
A limited number of  studies have investigated increased ICP 
due to causes other than trauma, tumour or haemorrhage. 
To evaluate cerebral oedema due to diabetic ketoacidosis, ul-
trasonographic evaluation may be used instead of  examina-
tion for papilloedema because it appears earlier. However, it is 
suggested to be more effective to detect patients under risk for 
cerebral oedema development rather than for monitorisation 
(23). Studies have been performed that used ONSD for diag-
nosis and follow-up of  altitude sickness. However, a consensus 
has been reached about the limitation of  this method for di-
agnosis of  altitude sickness because of  the marked variability 
in ONSD measurements (24-26). Also, literature suggested 
that ultrasonographic ONSD follow-up may be safely used 
for preoperative management of  hepatic encephalopathy in 
patients with acute hepatic failure requiring hepatic trans-
plantation for whom invasive ICP monitorisation can’t be 
done because of  coagulopathy (27, 28).

Gül et al. Transocular Ultrasound in Neurotoxicity

Table 4. ONSD in Group I according to the presence of  
encephalopathy

	                         The presence of encephalopathy	
	 Yes (n=17)	 No (n=8)	 p
ONSD baseline 	 6.05±0.72	 4.36±1.03	 <0.0001 
(mm)	
ONSD: optic nerve sheath diameter
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The ONSD measurements have some limitations. In our 
study, an intensivist who was experienced in ultrasonography 
performed the measurements. A certain time will be needed 
for a clinician new to this technique to obtain adequately safe 
and reproducible measurements. Moreover, the technique is 
adequate to demonstrate static changes in ICP but not appro-
priate for continuous monitorisation and follow-up of  acute 
and dynamic changes.

In this study, it was observed that independent from hepatic 
and renal dysfunctions, ONSD increased in cases that devel-
op clinical encephalopathy associated with mushroom poi-
sonings and the measurements regressed concurrently with 
clinical improvement at the 24th hour.

Conclusion

Our findings suggest that in the aforementioned patient 
group, ONSD measured with ultrasonography in addition to 
laboratory workup may be used safely and effectively to diag-
nose transient encephalopathy associated with neurotoxicity 
and to follow-up its progression.
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